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Abstract of JP20031 1 0537 
PROBLEM TO BE SOLVED: To provide a 
method and an apparatus for implementing a 
data rate smoothing circuit without using an 
analog circuit system, for example, in a digital 
domain. SOLUTION: In the method and the 
device for completely implementing a digital 
data rate smoothing device, when data arrive, 
they are written in a buffer memory at 
unexpected intervals, for example. Next, the 
data are read out at relative even intervals, so 
that a data stream having a smoothed data 
rate can be prepared from an input data 
stream having a variable short-term data rate. 
By using a dual port memory as a data buffer, 
a numerical integrator is used to be presented 
as a function of the input data rate 
corresponding to a degree of buffer fullness, 
for example, and by using a relatively straight 
read/write/buffer address generation circuitry, 
a smoothed data stream such as a data 
stream having a fixed or almost fixed bit rate, 
for example, can be generated from a data 
stream having a variable short-term bit rate by 
this apparatus. 
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AFIHJKI 0 2li. DATA_VALID_INA;^?. DATA_INA 

READ_ENAfi-^A;fj^-g'A/-ev>-5o 4^. -^ttf^DATA^V 
ALID_OUTai;^x DATA_OUTffi;^. FULLNESSttJ;^ 
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y^-^cO^^mX^^mm-t^c FULLNESSft-^f^. BAF 
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[0 0 2 8] I^v^;^^ 3 1 2rt{;i*&jS^^ti.5'sjtgSfflfit 
<omm\^. L#V^^iITB^E_MODULUS^cJ: !9©JRg^ixSo 

U#v^^t«, *pafS3 0 6(^31 t»A;^;lc@^fiiS:«tJ^ 
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1. 0cofilri3lt»$tt. |^;^WL^;^-:;^/i-:6Sf^!9tii 
^?ttS?iifT?fcSo 

[0 0 2 9] WlE{t-^CORR§r^^-rS/ci60^1<0 
AM6<j/^lHl^ 1 0 4 (i. E]4T-^^tbTV^5o HI^^tL 
SJ:5t-. MjESSS 1 0 4 , ^l*5j:i/M2=3 
— ^5^4 0 2, 4 0 4 mi:tS^XfB2'^/U^:fU^'^ 
MUX 4 0 6, 4 0 8 ^;0^^^So 

[0 0 3 0] ffiiEft-^C O R R fi. m-^FULLNESSOJi^^ 

ry/^^:^fi^mi u#v>firr_Low<t iJTiciST-rs:©^ 

:7/V'^;:^;i5T_L0WJ:«9Tt;HST-frT. T„HIGH 

[0 0 3 1 ] FULLNESSft-^fi. >^y<U—^ 402 

<?:)^2 (B) 7<tit. ^2=i>'/<U— 15?4 04c^^lA 
(A) ticmt^^tl^o ft-g-FULLNESS<^fii{Cj:oT^ 

S»iSn-fcL#V>fit : T_L0W*5j;uq^_HIGHi:it®E^?tt 



(7) 



#S 2003-1 105 



11 

5o Si ='Wn'u-^4 0 2li. ^(Dmi (A) A:;^{c 

NESSt «rit|J^i-5o L# VN>(itT_L0W2&WULLNESS*iSx. 
^il^tCli, Si 3>^^^W~t^4 0 2fi. Si MUX 4 

[0 0 3 2] ffllElHlggi 0 4t;iJ:oTtH;^^ix5«^fS 
-§-CORR;6^ !^^lcl&f^i-S-*f<^:)-^/w^>^u^l^4 
0 6, 4 0 8tCj:!9^^$tt5o S2MUX4 0 8dS|| 

8g<?5CORR«-©'Srttl;^-r-5o mi^XXfm2'^/u^':f 10 

1/^5^1^4 0 6, 4 0 8-^OA;^OJ^:S:^ UT. CORR 
iS^:d^. ifncolfi, :E<7:)fiS (DELTA) . rfecofiS 

(-DELTA) <^l^-ftt;6^Sr<S^-et'5o CORR<t-g-<D 
^^\±SXT<D So FULLNESS255 T_LOW J: 9 /J> 
Si ='>'/^"i-'— i$^4 0 2(7) (A>B) A 
;^T00_EMPTY;6sri^- h^ix. W;^; $ttS J: p 
ttybfit-DELTA-efoSA;^? 1 *Sl'^/V'^:^l^^i^4 0 
6 7!i531tRL. r wlCDELTAfijE(Dfit-e*>6o ^5T-/.?tt 
ix« (fc^x.«. TOO„EMPTY;iSrf— 
f:i) . if nT*fcSA;^0 ^Sl '^/^^::^W'iJ^*4 0 6 2^5 20 
miSH^^o •^/^^:7'i^^1^4 0 6;6S. S2-^/u^:7'u^ 
i^4 0 8(^Sl (0) ?<tl\^^^^iV^o FULLNESS;65T 
_HIGHct S2 4 0 4<o 

(A>B) A;^T00_FULL7!)ST1^— h^tb. -ettlClJ: 
t). S2'^/W^7'Ui5^i^4 0 8;6S. W:^ $ tt5<KDELTA 
T'fc5S2 (1) A^^31^$it^ix5o ^5T'/c^tte> 

fi, S2-^/^^:/u^i^4 0 8ti, mi'^^^^y'i^^'^ 
4 0 6tCj:oT^^$tl.S-^n^;^fi-DELTAffl*. C 
OR R{t-§-a;^ar UTttl;^?i-So 30 
[0 0 3 3] men. miEmm l O 4 (^ft:b «9 JC. 

^ I/- h^^mitm^i 0 0rtT*<£ffl$tts;i<i: tfo5S 
2 <7>AS6?j;tffiIElHlK 5 0 0 Sr^-To WaEIUgS 5 0 0 
T*fi. {S-^FULLNESSlcj:oT^^tvS J: 5 t-. ^<y'7r 

/J^^i;e»5 u # V >fiiT_LOW <!: itii ^^vryr-^ ;^ o 
*:fefitd5L#V^fiST__HIGH.hit|4$iX. m4<Dmm<DM 40 
ffi(7:> jEfi-^ CORRS:f^t)Wi-fcJ?> i^^m $ tt^h 
0^f^^/^;^&-r. it^^5tcS-^V^Tffi:E^t-^CORR;&5 

[00 3 4] miEmm 5 0 0 li. R E S E Tff-g-^SlH] 
K 5 0 1 . miEm±&^^ 5 10. MIN/MAX7/t'4'^>^ U 
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1 . TITLE or INVENTION 

METHODS AND APPAIATUS FOX SMOOTHING THE DATA RATE OF A DIGITAL DATA STRE 
AM 

2. CLAIMS 

1. An apparatfcS fcr prccessicg a dip'ta; data Jtrcam having 3 vgjigbl 
c shcri Icrm data rate and id average data rau. the sbcrt term data ra: 
c differing frciu the average data rate deriog diilercni pericds cf eimc, 
t be appar a 1 as ccmpr i s i of : 

a iculli-pcn memGry capable ci juppcriiiig nmc i tanecas n:\tt 
acd read upera t icDS ; 

a vriiu ccfiircl circuit fcr CGCtrGilicg the F.'iling cf data 
received from «aid dijilal data stream ittc the ma 1 1 i - pc- r t memcr? as it 
is received; act] 

a read c c c i r c ! circuit fcr c c d t r cl i i c g the r e a r; i rj g c 1 d 2 1 a 1 
rem the inc'ii-pcri a-emGry at a read rate wbicli if clcs^r to the 2 Ye rage 
data lau than the i^rite data rate. 
2* The sppar ntu: cl c 1 a in I , 

whcrcic the irritc cciitrcl circuit includes: 

a write address couDler fcr feoe rating a m emery t?rite addres 
S in xespCDSc tc the receipt cf data frcm said digital data Ftrearr.. 

3 . The apparatus c { claim U 

whereic the multi-pen memcrj is a dual ported tceir.crv; and 
where; D the lead ccotrcl circuit iLciiides a cnmeTical integr 
atcr fcr geneiaticg a read enable sigual as a fifiCtic-c cf iTierrcry iclinci 
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4. The apparatBS cf claim 3. ^tereiii the lead ccntrcl circtit farttc: 
i DC 1 od es : 





a ccriecticc circa:*. Icr sd 


PPlvlug a >CoQ iiiC i 


tJlCLklvlJ 31 


gn al 


tc the aumerica! ictegfatci, the r 


eao ra.e cc'^cciicn s 




gc Dt r 


ated as a fufrCiiGE cf ccnicrj luMc 


eSE iDfoimaticD and a 


oeiio Value 


used 


tc mate adjiSlniests tc ibe rate a 


1 which data is read 


lifjiC LUC IllvUl 


cry. 








5. 


The apparatBS cf claim 4, i^faereic 


the read ccotici cir 


cuit forthei 


CCEDP 


rises: 








a read address g c n e r a t g i f u 


r genera: ing a read a 


idress in re 


SpVD S 


c ic said read enabi e s igna 1 . 






6. 


The apparatas cf claim 5, ffbeieiD 


said read address ge 


ceratcr is a 


fDvdc 


i c c c 0 0 V e r . 






7 . 


The apparatis cf clair: 5, faribei 


ccmpr i s i Dg : 






a delay eiemeot fcr cctpntt 


iDg 3 sigDai iodicati 


eg thai vail 


d dat 


a is beicg Gntput by said memcry, 


the delay e lement rcc 


e i V i D g the r 


ead € 


nable signal aod cutputticg the re 


ceitcd signal, as sai 


d signal i n d 


i c a i i 


0g that valid data is being catput 


, one deck cycle aft 


e r the read 


eDab ! 


c signal is received. 








The apparatas cf claim 5* wheieiD 


the dua 1 ported memc 


r y includes 


a wr i 


te enable input f cr rece iving a si 


goal indicating Then 


data f r OR sa 


id di 


glial data stream is being supplie 


d to 8 data input cf 


said daa 1 pc 



rted memory. 
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9. rtc 


apparatus of cla 


IIL 8 , 




cic the Ti 


i I e ad Q r 


ess 


c c c D t e : \ 


r: c ! c d 


e F a D top 


nt fc: rfcei^iDg 


said 


s i g c a 


! i DC ! ca t i 


flg vhcD 


dull 


1 : c E s a i 


a dig 


i t a 1 data 


St reani is being 


su ppl 


icd, 


the write 


a d d I e 5 s 


gene 


rater i dc 


reice n 


ting 3 vr 


: I e a c d r e s ?. 7 a ! o c 


s tcr 


ed in 


said CCBD 


t c f G n c e 


dc: 


i Dg tccl: 


ciccl 


cycle in 


vh i ch said s i gna 


1 icd 


icat i 


sg wbeo da 


ta frcni 


sale 


digital 


da : a 



stream is being scppiied is asseiied. 
1 C . The a ppa : a : E 5 g f claim A , 





TT herein the read cccticl circuit i 


D c 1 D d e 5 


meats f c 


r d e t e rmi n 


i eg 


OLiaimoni and maximun: bnffer fuiUess v aloes 


i 0 d i c 3 L 


i 


V C C f I 


be ni : n i nicm 


and 


maximrm amcurt: c( memciv fulicess is a s 


elected 


t 


i iG c i a 1 


c : V a i . 


11. 


A method cf prccessing a streani cf bgo-u 


D i f c rely 




spaced 


digiia! da 


I a otits tc prcduce a prr. cessed stream cf digi 


tai data 




G c i t s h 


aviDg lore 


It: 


Icrm spaci&g between digital data aoits than the s 


L 


r c an* c f 


liC D-UE i 1 c 




spaced data cnits, the nielhcd ccmprisiog 


the step 


5 


c 1: 






receitiog digital data anils Ir&iii 


s a i c s t r 


e 


am c f E 


on-cG i fc Jin 


It s 


paced digiia) data isnits; 












writing the received digital data 


n D i I s \t 


4 


L' a m u i 


1 i - p 0 r i c e 


mc r T 


at tfce rate at rhich the digital data sni 


t s arc r 


c 


c c i V c d , 


the mu i 1 i 



-pert nieaicr? supporting simD 1 1 a n e c u s read and write cperatioDS; acd 

reading data uijits frcm the oiiilii~pc;t tcemcrj' <ii mere usifcr 
m time inte;vais. cn average, than the litiie intervals at fthich data ^as 
written intc the mclti-pcrt memnry, ihe data read cui cf the malli-pcrl 
cemcrf forming said processed stream cf digital data ccits. 
12. The method cf claim 11, further ccmprising: 

i DC rctceD t ing a vrite address ccanter a s c d tc- generate a iDcmi 
fj Tfiic address each time a data unit is received frcm said stream cf d 
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CB-ocifcrniU spaced riifttal dais en its. 

13. The fliethcd of claiar: II. furihei ccmprisiBg: 

generating ac icdic;itci cf the amcoct cf data slcred iu the 
iDfl 1 1 i-pcf t mcsic r jr ; acd 

genera rir.f; m emery re. at enable sigcals as a fsDctii?!: cf I be a 
mcut't cf data indicate: rc be ?r,n red in clie rri] 1 1 i -pc r t raetrcry. 

14. The IT e ! h G d c f c 1 a i *t IS. t h e r e i r. said i c d i c a t g i indicates a degree 
cf memcrr fclIoeSE. 

15. The metbcd cf claim 13, therein generating memcr) read enable sign 
als iec lides : 

cperaticg s nnsierical integrator tc- p reduce said read enable 
sigcal; as a iuncticQ cf said indt cater. 

16. The celhcd cf claim 15. ^hereir generating mcnicry read coabie sigc 
als fuiiber incindes: 

deiernsinicg the minircuE aiDCusr cf rnemcry fnlioess ic cccnr i 
D al least ciie time period cf a fixed daiaticn. 

17. The me I bed cf claim ICs therein generating n; emery read eoabie sign 
als further incindes: 

deteraiDiDg the maxiniGm amcnot cf memcrj fullcess tc ccccr i 
n at leas I c-ce time period cf a fixed dt;ratiot). 
IS. The met bed cf claim 17. furtber ccnip: i s i ii;r the step cf: 

adjusting the rate at which read enable signals are generate 
d by said inregralcr circuit as a (occticr. cf a ccmpariscn cf the indica 
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tor tc said icaximEtn amccnt r. ( men-crjr fol! 


fies$ and 


said 


mi D imuit amc c c t c f 


rnemcij f e ! 1 oe S S . 








19. The iDetbcd cf claim forihei ccirpr i s i Dg: 






geccrat isg f rem at least cne 


cf said 


read 


enable signals a s 


igDal iccicatifig that ?alid data is beicg 


cu ipot 


f rem 


said mcl I i -pc : t cc 










20. The methcd cf claim 19: Icrthei rcmprising: 






suppljiog a signa! tc a write 


enable 


input 


<; { the m B 1 t : ' P 0 r I 


itemcjy enabling the writing cf data iotc 


the d Q a 


1 ported memo r y each t i 


Bie I data cnii is received frcx saif stre 


am cf nc 


B - u D i 


fcricly spaced digi 


ta 1 data uci ts . 








21. The mcthcu cf claim 20, whereto eac 


h d i g i la 


1 da: 


a cnit includes th 


t same fixes Dtmbcr cf bits, said nnffiber 


c f bits 


being 


greater (ban 1 . 




U u U U M 1 


(crfiily spaced digital d 


ata iDits tc prcdnce a processed stream c 


f d ig i ta 


1 dat 


a nnits having mcr 


e UDifcrai spacicg bctircen digital data 


its than 


the 


stream cf ncD-cni i 


crnilv spaced data onils, ibc Sfsteio ccmpr 


i s i Dg : 






a mcmcrv device capable cf so 


p p D r t i p. g 


both 


read and write cp 


(rat icos at the same I ime; 








means for iriiliDg digital dat 


a units 


i n t c 


said memory dcrice 


as they are received from said stream cf 


n c a ' c r. i 


fcrm! 


y spaced digital d 


ata units; aad 








meacs fvr rcadicg data onits 


from the 


dual 


ported memciy at 


mere Qaifcrm time iDteivals. ca aircrage- 


thac the 


t ime 


i n t c r T a 1 s at *' b i c 


b said data are wiittec iotc said memory 


device, 


the d 


ata read cut cf th 
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e memcrr device fcimicg said processed slrcam cf digitai data nniti. 



23. Tfec 


jvstein cf claiiG 22, fuiibfr ccropri 


$ [ 


Qg : 












meats fc dcteriBioicf tlie acccot 


0 


f d 


a t a stored i 


G 


s 1 i 


d loercc 


f r H p V i c e ■ 


a nd 
















meacs fc-r gcGcralicg a mei&GrT re 


ad 


e 0 


able signal 


a 


s a 


f C G c t i 


CD c f the 


aiDGont Gf data stcred ic said meiLG 


rj 


de 


vice. 








24. Tfee 


jystem ci claim 22, fcrlher cciDpri 


5 i 


eg • 












mcaos for incrcmeDtlDg a vriie a 


dd 


res 


s ccuDter us 


e 


d t c 


gener 


ate a memc 


IT Kfite address each time a Uala 


u & 


i t 


is 1 c c e i y c d 


f 


rem 


said s 


tream cf o cq 'u n i ( c i m 1 y spaced digital data » 


n i 


IS . 











3. DETAILED flESClJIPTIOS OF ISVENTION 
Field c [ the I n t t n ! i c a 



Tte preSEUi iiiTecticfi relate 


s tc m 


c t h cd s and 


a 


p p a .' a t f s 


fcr p 


recessing digital data a do, iDcre parties 


1 a r 1 y . 


ic ncthed 


s 


and appar 


a t u s 


fcr smcGthicg tbe data rate cf a digital 


data 


SI : eaiB, e . 


§• 


, a data 


s t r ea 


m baring a fixed areragc data rate but a 


V 8 1 i a 


bl e short 


te 


rn; data r 


at e . 


Backficocd 












in the racdero age cf digital 


C CnilBD 


D i c a t i c D s 


a c 


d digital 


s i gn 


a 1 p r G c e £ E i n g , data is often t r a d s m i t i e d 


a s a 


digital da 


ta 


stream. 


I n m 


an? cases, the data rate cf the digital 


data s 


iream is. 


cc 


avt rage ; 


r c I a 


tively constant. IfcTfevei, hecacse cf di 


f f c r c t 


I p : c c e s s i 


Dg 


rates g r 


the 


statterfd cctpct z\ Faricus circuits nse 


d tc process aed 


/or general 


e the 


data stieaffi, the shcrt term cr ins tantaEecns 


d a I a I a I e 


cf 


a data s 


t r e am 
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fiiay vary s i go i f i cao 1 1 ? frcn: niGincC'l ic qididcdI. 



Fcr exanjplc, a circcil, such as ao er rcr-corr €C t icD circoit. 

mtv GGtpDt data io a stuttered fashicE dac tc cicck e&ables. iraniise !t 
roctuies, etc. Subseqeesl citcults used :c process the data stream cutp 
fit hy the errcr-ccrrecticn circuit, e.g.. a media-access centre !le.% may 

expect data bytes at a c c i f c r ra c i c c d s t a c ; rate t c s b p p c- 1 1 t i m i o g r e f e • 



ecccs . 





When stcitered 


da t 


a is bei&iz cutput by a 


c ire 


E i I . 


data . e.g. 




bytes, ma? act be Gotpo t 


fcr 


cany clccl cycles, an 


d tbc 


D dai 


a may be p 


ut 


cut at tec fast a rate f 


f. r 


prccessiog by sobseque 


Q t C 1 


1 CQ i I 


5. This c 


a n 


create prcblcms despite 


the 


fact that, c c average 


, the 


dau 


r a : e rc a j 


be 


correct fcr the scbseque 


nt 


ci J cults aid cecstaot 




a per 


led c f t im 









Id view c 1 the a b c v e d i s c e s s i c c , 


i : i 


s a p p a r c D • i h 


at t b 


ere i 


c 


a 0 e e d 


f 


cr raetbcds ana apparatus ^hicb can 


be e 


5 e d t c t r a D s f 


erm d 


digi 


ta 


1 data 


c 


tream baling a variable sbcrt term 


data 


rate i d I c a 


data 


s t r e a 


m 


ba V i Qg 


a 


relatiirely snccth data rate, e.g.. 


a s 


be r t as veil 


as 1 0 


Dg te 


rm 


da ta 


ra 


te which eifnaU er apprcximates tbe 


ave 


r 1 g c data r a i 


e cf 


the c 



riginal variable rare data stream. 

Ic crder tc facilitate the imp! erne eta t i cd cf data ;ate snccct 
hiiig derices osiog iotegraied circoiis, it is desirable that acalog circ 
uitrr, scch as phase Icck Iccp vPLl) circoits, be avoided. 

Acccrdingly, there is a need fcr tnethcds and apparatus Ic- i 
mplemeDiiug data rate smcothicg ciiccits i o the digital dcmaiD, e.g., »i 
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t li G E t the 0 s e c f a c a 1 c g c i r c q ! i r v . 
SUMMARY OF THE INVENTION 

Tht present lovcriiic-Q is directed tc mcthcds and apparaiits f 
cr sincctbiog tlie data rate cl a digital data stream, e.g.. a data streair 

h a T i D f a fixed a v e i a g c data rale b c i a variable < h c r t term data i a t c • 
Id acccf dance »ith the p;c$cnl iDyeclicn. cata is store d in 
a mcfficiy deTice* e.g., a dual ported meoiGry, u^ei! as a btffe; as M is r 
eccived, e.g., is bjte cr »crd ufiits. The stcred data is theo jeac cut 
at relatively eveo time iBtcrvals tkcrcbj- prcdsciag a data stream faaviog 

a smccth data rate frcni a variable rate iopot data stream. 

In cue extmpiarj tmbGdimcot data, e.g., bytes or i^crds. are 
written intc tlie hcffer meccry as it airive^. i\ numerical integratcr is 

used tc prcdoce read enables a: the ccrrcci a\c:agc rate wbicfc m? be c 
MerfBioed by cbFerving the ra-c cf the input data stream as es^ider, ced by 

the arncunt cf data in the buffer ctc: a periud cf lime, e.g.. cof cr mc 
re fistd time intertais. liie exact average iDlcrva! cf read euables req 
aired tc produce the average data rate as the buffer col put data rate ma 
y be difficsit tc picdoce K-jth a aamerical ictegraicr. e.g.. because cf 
numerical precision I in i t a t i cc s . Id cue particular cmbcdiiDeDt, a ccrrec 
lien circuit is used tu periodically speed ap cr slcir dcvn the read leg p 
recess tc bring the cutpnt data rale tc. cr close tc, the areragc data r 
ate . 

By QSiDg a dual ported raemcry as a data buffer, a sumerical 
integratcr tc ccntroi the Gut put data rate as a functicE cf ihc icpci da 



#51 2003-110537 



I 2 1 3 I € 


£ ff 9C inn* 

t-5-: 0: ino. 


r 9 t tt A I-. T 'ItA tl f « r » fi kiificr ff.lflOCC lAA 4 

CdlCO bj .cC uC^iCC wl uUIICi Il:iue::. a s v 3 


C I f! ff 


T A 1 ft i : V 


c.t s»Ja*5iiiiu« 




C t I i 


V i }■ P 
T J I U C 




i* firf^Cf*fit tnvnntirn iC ^lilf* it* BPflAf3tA It Cm/'. 


ft 1* h P li 
u I 11 C u 


data s 


t r e am. e.g.. a 


data stream hsviog a cccstao: cr oeai constac 


t da! 


3 rate. 


irciG a data 






stream 


having a v a i i a b 


if s L G r t terra data rate btt a fixed c r r e 1 s t : 


vc : y 


c G 0 s t a r. 


I 1 GDg tc riD dat 


a rale. 






A d G i t i c G a 1 


feateres, embodimecis and bcDcfiis cf ilie ce 


t ccds 



and apparatus cf the present iriii be discussed bclG« Is the detailed de 
S c r i pi i CD thai f n 1 1 cirs . 



DETAflED DESCUfPTION 

The present inveEticn relates tc methcds acd apparatus fcr p 
erfcrroiag data rate snncc thing cpe rat ices. 



Fignre 1 


s h c^s an e 


X emp 


Isr? data rate sec 


c t b i D g circuit I 0 0 


implcmenteri in accnr 


dance ^ i t h 


the 


present i b v e d t i c o . 


Tb c Emo 0 1 h i c g c i r 


c D i t too € cmpr i se s a 


balfer/add 


less 


iog/fullQess -BAF) 


circuit 102, a num 


erica! integiatnr ci 


resit 106 a 


nd a 


ccrrecticE circui 


t [04 coupled toget 


t e r as i 1 1 d s t r a t c d i 


B F i IT . 1 . 








Data is 


supplied at 


the 


DATA_1N input cf 


the smcc tiling circc 


i t' s BAF circuit 102 


at D c c - n 0 t 


f C Tffl 


ifMCTTals, but at 


a predictable, fix 


ed, cr geoerally fix 


e d average 


rate 


Id ibis ccniext 


. the phrsiC a \' crag 


e rate refers tc a li 


2 1 a rate mt 


a s Q r 


e d ever a p r e s c i e c 


ted p c r ; c d G f time, 


e.g.. Several seconds vhich is 


scfficieni fc: brief 


differences in the 



shcrt term data rates tc, fer the mcst part, are^age cut over the n-caser 
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cment tioie peiicd. The sciccthieg circcit lOD i< cscd Ic smcctt. e.g., c 
vcp cel. the time jpicicg bet-een iniiS cf tsaDsmittcd daia ic ihcrebv g 
e Aerate an cotpEt data itreas having a fixed cr ain:csl fiied dsta rate. 
Tte fixed cr almost fixed cstpot data late vlli ficrnially be tbe same ci 
a pp r CK ima i e I J the $amc as the a7e:age data rate cf the ioput data strea 

IE. 

The B.-^F circuit 102 bclfers received data in s bfiffer ioclBil 
ed therein: generates write addresses ased tc stuie the received data io 
the buffer and read addressed used in read stores dau free the buffer. 
The BAF circsit 102 alsc mcnitcrs the amcQoi cf data io the buffer ic 
dctertnine the buffer fellness. The BAF circait 102 includes a DATA_VALI 
D_!N ioput, a DATA_1N iapai, a deck CIK in pot, acd a read erablc READ J 
NA signal inpot. It aisc inclancs a DATA_VAL I D.OUT (lutpot, a DATA-OUT c 
ctput aad a FULLNESS carpot. The CLK Mgaai ii a timicg signal oscd tc 
drive the vaiicns data rate smcctbing circait ccmpGceiitg 102. iOl, 106 a 
hi circuitry' iaclcded io these ccropcnetts. The DATA_VAL N inpat is u 
Sed for receiving a signal indicating vheo data SEpplied to the DATA_I?I 
iapnt i$ valid. The R£AD_ENA signal is a read enable sigDal gcccraied b 
f tbe iotegratcr circoit lOB which is ssed tc cccirch Id a /cfiocd ma en 
er. the reading Df ctitpyt data frcm the HAF circait 102. The FULLNESS s 
ignal, which iadicatcs the follress cf the BAF circnit's btjffcr. is supp 
lied to the correctien circait 104 aad is used in deteiminiDg vhen the R 
£AD_ENA signal is asserted. Acccidingiy, the generated read enable sifu 
a! is a faDCtioo cf the baffer fullness measure. 

Data read cut of the BAF circait's buffer is cotpct via the 
DATA_OUT culpui «Fh;cb alsc serves as the data c^tput cf the fiaia rate sm 
CGthiog circcit 100. Tc prcvicc an indicator of ?h(fi talid data is bein 
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g cut PL* I via the DATA_Ol)T cctpui, the BAF circcit 1C2 geneiaics a CArA_V 



h\ \T\ niiT 

!\ L 1 u V U J 


signal wfi.^a 1 


s asserted uhcn the DATA ODT 


CGtp 




rriaipc vat* 


li data. 














\ e. vil) 

.1 i will I! I. 


ciFCussed it fictai) be lev. data. 


e.g. 




* r 1 1 1 c D 




i I c i i t' E buffer meEC r j as it 


3 r r i 


V P c 


Thp rairip?! 


c a 1 1 c t c g 


I'alcr circuit 


106 is used t g p r c d u c t read 


e rj 3 b I 


e s , 


e.g.. I U I X. 1 


gnal READ 


_ENA. a I the c 


crrect average rate. Becacs 


e the 


exa 


c t average i 


0 i e r V a 1 c 


[ read eoab ) e s 


mzy be difficult tc prcduce 


V i t h 


a n 


Bmeiical int 


e g r a i c r , 


e*g>t vccaosc 


cf limited csmerical precisi 


CO, i 


It V L 


c'Tprrin 6 fi 


1 C U 1 I I V 4 


*c ficao f r* nil 

IS useu ic pc 


ricdicallF speed cp cr sIgt 


d GWO 


tllf 




€ S S , C . g • 


1 by ao aniGuoL 


nTfiTocCAfl ir ^hfl i/^fin rl % 
CXpiecbcu Ik bCC ibini 11 c 


fixed 


i rp 




T A 














An e X t m p ] a * 


7 BAF circa it 102 is ihtvn i 


0 Fig 


D re 


5 T h P RAF 


c i I c E i t 1 


0 2 compr i Scs a 


DIE 1 1 i - p G r t . e.g., deal pert 


e d . Tii e m n r 


T 2 C 2 , read 


2 D d i t e 


address gcncf 


aiois, e.g.. read acd wfite 


a d d r e 


S 5 C 


cunters 20S, 


2 0 4 , res 


pec lively, and 


c i r c B i t r y for calculating t 


be in 


s I a n 


i 3 n e c Q s b o f f 


e T f 0 1 ( ne 


ss . Tfae i 1 los 


tratcd circuitrr fcr calcola 


t i og 


baft 


er in I 1 ces s 


iDcl odes 


first a G d e c c e 


od semoiers 210, 212. a ccmpa 


rat CT 


216 


a od a 1 1 i 


pleier (MUX) 214. The 


BAF circuit 102 reaj aisc ice 


lode 


cue 


c r mere, d e 1 a 



y cleiDeDts used tc syDcbrcnije the signals. In tfee Fig. 2 errbcd imeii t , a 
delay 206 is nsed tc syechrcnizc the read enable signal £EA1/_£.NA coming 
iDtc the BAF circuit 102 tc p reduce, CEe clock cycle after the read ena 

ble signal i$ asserted, an asserted DATA__YAL I D_OUT sigoal. Thus, the DA 

TA_VALiD_OUT signal I 1 be ajiserted coincided s^ith the reading cut cf 

data frcm the bnffer memciy 202. 



The read-address geiscratcr 2CS aod ^fi i tc-addr ess gcacratc? 2 
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04 arc ninila! (irccits- They arc i Dcr crocnt c: s c: ccuntcis thil secjcot 
iallv ccBDl ncdclc tbc buffer sirr. That is. ii a memciy cscc Ic iaipUra 
cDi buffer 202 contains BUFSIZE pcsilicBS, the ccantcr viil ccedI, fcr c 
xampic, frcffl lerc tc (RDFSIZE-1); Dpon reachin? (BUFSIXE-l), the ccuoter 
v\\\ itcD reset tc jerc. and ccDtifiEC iociemeniing frcm theic. Eacl of 
the \fiile aC'd read adrJress geucratcrs is incremeEted fcr each deck eye 
le at wLich its associated enable is assenes. Thas, the i t c-a d d r c s s 
ccBDter 204 is iDcremeDted if a ^frite^coable ic the fcrin d1 i DATA_VALID 
_IN iapEt sigflai is asserted. The i e ad -ad li r e s s ccuncer 20S is iDcicineDt 
ed if the fcad~enafcle signa! liEAD_ENA is asserted. I b this 7ay, data ar 
e TTittec tc cr read frcm Iccaticns in the fflemcry 2 02, seqient i a 1 1 y . Si 
TiCt a dual pcfled memcry 20 2 is used, data may be written tc and read cu 
t f:cE the mcmcrT at the same tirec. 

The i n 5 1 a c t a D e c c s buffer f u i i c c s s i g d i c a t c r v a i u e . i d the f c 
rni cf the sigaal FULLNESS, is calcoiated by Stbtraciing the read aidrcss 
KADK Irom Ibc «frite address WADR. This SEbtiactiGU is perfGiincd locdulc 
the bflffer (memcry 202) size BlFSIZE. The signal FULLNESS serpcs as ao 
icdicatcr cf the amcnot cf data i b the mcmcrj 202. 

The modelc sohtiacticD tc gcscxate the lalac FULLNESS is sho 
in Figure 2 beicf perfcrmcd osiDi first an;' scccad summers 210, 212, 
ccmparator 216 and MUX 2M. The firs; sammcr 210 calcclates the dillcie 
nee betveeo WADR and UM by sabtiactiBg Irom the valae WADl?: supplied t 
c a first iBpDt,.lhc vaiue IkQl supplied tc a subtracting iapot cf the S 
umnier 21C. The difference (WADR-RADS) generated by the firjt summer 210 
is supplicil tc 8 fiisl input cf the scccnd summer 212. an A iapoi cf cc 
mparatcr 216, and tc a scccod iopit 0 cf the MUX 214. The Eecocd scmmer 
212 snms the diflcrcDCC (WADR-EADI?) tc the fciiffej size ^fbich is set, e. 



mm 2003-110537 



g., at Ihe time ilie jice of the meiccry 2 0 2 is fixed. The co-pot cf tbc 
seccod saornei 212 is srpplied !c a firs! inpct 1 cf MUX 2N. 



When I he difference (VADR-RADi) is fireater than ci cqca! tc 
ztrc, ike cutpat (A < D) cf the ccmparatcr 216 is deasserted. and :hf 
Itiplexer 214 selects rnpot ic^c. ^fhich is rlie difference (WADJ-RADR) tc 
be Dsed as thf GDtptt value FiaiNiiSS. When the cifffreoce i^ADK-RADI^) 
is less than lerc, the cetpc: (A \ li} cf the ccmpaiatcr 216 is assertc 
d, aod the mBltipleier 214 selects inpct coe, vhich is the difference 
ADR-JADRtBUFSIZE) tc be csed as the cctpot palce FULLNESS. In the abcve 



described macaer, the FULLNESS calcolaled i 


S CCDS 


tra: 


sed between zerc a 


od (BUFSIZE-l) . 








Ac eseiDplaiy numerical icregratc 


: c i r c 


ui r 


10 6 s E i t a b : e f c r u 


sc ic the data rale smccthing circuit JCI) cf 


Fig. 


I is 


shewn ifi Fi gare 3 


The iDiegiaicr circcit 106 c emprises a re 


g i s t c t 


312 


and a r.cdulc adde 


r 301. Tbc legisiei 312 is used fc: stcring 


the r 


es«i 


is c f the m R d E 1 n a 


ddilico and icr supplfirig the lesults back t 


c ao i 


npot 


cf the mcdolc add 



cr 301. 

The mcd&lc adder' 301 i&cludcs a first snmnier 302 , seccnd sont 
mcf 304 , third sumner 3 0 6. CQEiparatcr SOS and a cioltiplexer 310. The fi 
rst scrnmer 302 adds a fixed incremeol [iNC) each cicck crcie tc the ncdu 
Ic adder's previous oolpal faiue cbtaificd frcir register 312. This, a fi 
jed i DC r erne at vINC) is added each clock cycle, but vbec the integrated, 
e.g., a cc nmn i 8 1 e d . sce exceeds seme threshold, e-g.. the preselected rbr 
eshcia T[ME_MODULliS, the threstcld TI.ME_MODULUS is subtracted sc- that th 
€ integrated r e s a 1 1 s are c c n t r cl I e d t c be within a d c f : n c ti r a c g e . ( d g r 
der t€ erihance the integiatcr 106. a seccsd SDmiDer 3 04 is iocGrporates i 
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Die lie fficdulc adder 301 fdlcyiog the first somncer 302. The scccrid snm 
fficr 304 receives as its inpat the cctpul gI the first snmnifr 3 02 and a c 
criecticn value ic t^e fcrm c- f a sigcal: CORI, vhicb caD represent a pes 
iiive cf Gegitire value. The ccrreclicc signal CORK, pxcvided by ccrrec 
licD circuit 104. is added bj tbe seccDd sumioer 304 lc the accomclated s 
1331 p/GdEced by the first stmmer 3 0 2 . Id this maoEer, z nev* a c c iin" ii 1 a i e d 
scni: i.e.. a corrected accucoialed sbid is generated. Thus, the CORl? sig 
cal can be used ic ocdiiy the accsmciated sum subjected tc the mcdclc ci) 
craticD. Accordiogiy, the correct ico sigoal CORR can te osed ic speed u 
p cr sicw dcwc the ietcgralicn beiog perfcrmed bv iotegralcr 106, aod th 
erefcrc adjusi the cotpottiog cl ilic read ci^ables. The som prcdsced by 
the seccnd snmnicr 30i is supplied ic the first (A) inpit cf the cccparaf 
cr 30S and tc ac addicg iapct of ihc third summer 3D6 Tbile the ri.\iE_MOL' 
ULUS thresbcld is supplied ic a svbiractiog ioput cf sammer 306 aac a Se 
ccnd (B) icpat ti f ccniparator SOS. 

The tfciid summer 306 is used lo subiract tfce threshold TIM£_ 
MODULUS ficm the accomulalcd som gulpul by the secccd sommei 3 04. The r 
cso.ltiog valac is sapplicd tc a first (l) iopct cf MUX 310 vbich receive 
s the cutput cf the second sommcr 304 at its seccod (0) iopit. 

The ccioparatG: 3CS ccmparcs the accumulated suoi culpnt by th 
e seccnd snmmei 304 tc the Ifcreshcld TI.ME_MOBULUS and asserts its ottpnt 

signal vhen the sum exceeds the th;eskcld. The cutput cf ibe ccmparatc 
r 308 is used as bcth a READ^ENA signal supplied tc Ibc BAF circuit 1D2 
and the select inpot SEL cf MUX 310. The MUX 310 detcJiniDcs ffhethei the 

cut pot cf the third summer 306 cr the cutpot cf tbe seccnd somracr 3 04 w 
iii be Sicred in refister 312 fcf use in generatiog the next accsmulaicd 

s am . 
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Tbe lanfc cf pcssible accumulated calces stored in the regis 
ter 312 is limited by the threshcld TIME.MOBULUS. The tbrcshc-ld rosy be 
set, e.g., at inplcracniai ice time by supplying tbe sobtractitg ispc: cf 
stromcr 306 »itt a fixes Falec. The viloe selected lor tbe tbreshcic TIM 
E^.VIOBUIUS topically rcialcs tc tbe cfloiber systen: beiog used in the integ 
rater circuit iC6. When ihe ifcfcshcid TIME_M0DULU5 is eiceedcd, tU rea 
d-eiiabic signal XEAD_ENA is assc/lcd. Fcr example, if tbe average catpu 
t rate is cnce ever* eigbr clock limes, tbe iDcrement coaid be 0.125, an 



d tbe TFME^MODULUS 1.0, so tha 


t , alter c i g h I clock i i 


ckc, 


(a s E umi Dg 


a CO 


RR laiue cf 0} tbe iotegratcr 


reaches tbe value cf 1. 


0. a 


V a i E e e f 1 


.0 i 


s s a b 1 1 a c t e d , a r e a d - e a a b 1 e is 


pr educed; and sc cc. 








A first excin? 1 a i y 


cixccit 104 fcr geoerat 


ing tbe ccricct 


i c n 


signal COM is sbcTD in Fig. 4 


. As i 11 b s t r a t c d , i b e 


cciiectiGfi circ 


i: i t 


104 ccmprises first and secund 


ccfflpara tors 4 0 2 , 4 G4 . 


and f 


i r s t a £ d s 


cccn 


d aiiill iplexers MXes 4 06 , 40 8. 










The CGirecticn sig 


nal CORX is based upco 


bof fe 


r f f 1 I B e s s 


Isf 


ormaticQ cbtaiDcd ic the fcr si 


uf the signal FULLNESS. 


M 


the buffer 


f ol 


! Dts s falls be i G'^ a first t hi e 


shGld T_LOW, the btlfer 


is d 


e c 1 a r ed t c 


be 


tnc empty, and the read enable 


s shcEld be retarded, c 




by p r c d u c i 


ng a 


negative ccriecticn signal. 


If tbe bcfler fullness 


e X c e e 


ds TJIGH. 


the 


bsffer is declared tc be tec 


full, and Te ^aot tc advance 


tbe read 


e nab 


1 e s , e.g., by generat i ng a pes 


itive ccriecticn signal 


. If 


the buffe 


r fu 


llness aeithei lalis belcw T. LOW ncr exceeds T_H1GH, 


a ;ec f 


c c c I r c c I i 


CD S 


igsal is produced. 










The FULLNESS signa 


: is supplied t c the second 


(B) input 


Gf t 
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ke f:rst ccmparatcr 402 and tc- a fiist inpat (A) cf the second ccnparato 
T 404. The fuilness. as indicaLed bf the raise cf the signai FULLNESS. 

is compared vith twc set, e.g., preselected, thr csbc I c" s : T_LO^' acd T_HI 
GH. The fiist ccmpararci 4(12 ccmpare?. the talcc T_10W, Eopplicd Ic its 
first (A) iepDt, tc the vaise FULLNESS suppiied tc its 6 inpcl. If ibe 
threshold T^LOW exceeds the valne FULLNESS, the first ccmpaiatcr 402 as; 
eit5 its cutpnt TOO_EMPTY which is scpf'ied tc tlie select inpei cl the f 
iist MUX 406. 

The ccfiecticn si fin a! GHtput by the cct reel ice circuit 

104 J5 geoerated bp the pair cf icd i t i p 1 ex er s 4 06. 4 0 8 cperatiDg tcgetbci 
The seccod MU! 46S cctpots the actnal COHR signal. As a rcsQit v f t 
he icputs to the fiist aid seccod MuXes 4G6, 468, the CQll ^igeal can as 
suiDc either a zero value, a positive raloe (DELTA), or a negative value 
(-DELTA). GeaeraticD cf the CORS sigcal cccors as IcMcts. if FULLNESS 

is less than T_LOW, the ;A>B) cotput TOO_£MPTY cf the first ccinparatui 
4 0 2 is asserted, acd the first multiplexer 406 selects input I, ^'fcicfc is 

the sei value cegatiTe DELTA tc be cctpat, srhere DELTA is a pcsiii^e t2 
luc; cthervise (e.g., when TOO^E.MPTY is oct asserted) the first mDliipIc 
xej 406 selects input 0, ffhicfc is rerc. The cutpot cf the tnoitiplexer 4 
06 is fed tc a first (0) [opot cf ibe seccnd rnc ! t i p 1 ex e i 40S. If FULLNE 
SS is greater than T_HIGH, the (A>B) cutput TOO. FULL cf the second ccmpa 
rater 4D4 irill be asserted, causing the seccnd miltiplexer 408 tc select 

the second (l) input, ifbich is the value DELTA tc be cutpnt. Othefwise 
, e.g., «hcD TOO_FULL is net asserted, the seccnd nnltiplexcr 408 catpat 
s the zcjc cr minus DELTA faUe generated by the first mtltipiexer 4 06 a 
s the ZQU signal cutput . 

Fig. 5 illustrates a sccodc cxcmplarj ccrrectiGE circuit 5 0O 
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7bict! may be osed in ti:e data rare smcothiog circuit lOD ic place cf cc 
nccticn circuit KM. In the ccrrccticE circuit 5 09 buffr: fell n ess, as 
indicaled by tbe signal FULLNESS, is mcnitcrcs c^er seme preiie ternci ccd p 
cficd, e.g.. a fixed ocEbcr cf clock cycles. During tbis pericd, the €V 
erali miaiiDBm aDd loixitsim values cf the bcffer fcll&ess are {conii. At i 
he end cf tbc period, the iriBimum vaUe cf buffer foifcess is com fare: w 
itb I he ihresbcld r_LO^^'. and the maiimoni value cf boffer fnlines? ic ccir 
pared ftitb the Ihicshcid TJIGH. acd the ccirecticn' signal, CORK, is pen 
eiaied based cd ccoipariscQS io a caDnei chat is similar tc that nsef: tc 
produce tbe ccrrcctico signal COSH io the Fig. 4 emb c- d i me d t . 



The ccrrcciicn circuit EOO ccmprises a RESET sigual gcocrato 
r cijcait 501, a curiectioo value gcncialic-D circuit 510, a MINA-^^^ fj^^l 
ness icvcl genciaticn circuit 511. aDu -4 seTeoth multiplexer 514. The R 
ESET sigoai geneiaticD circuit 501 pcricdically generates, e.g-^ asserts 
, a RESET signal used tc- cDutrcl the MI.V/MAX fulUess circuit 511 asd tb 
e seventh MUX 5 14. Tiie RESET signal gcnc/aiicn circuit 501 is driven fcy 
the cicck signal CLK used tc ccntrci Limiog in the various ccmpcncnt? c 
i the data rate stnccthiDg circuit aod maj be imp 1 eaie n t e d using a simple 
ccQDter that triggers the pcricuic asserticu cf the RESET signal. 



Tbe ccriecticD value genciaticn circuit 510 includes compcue 
flls, e.g., first and second ccmpaiaicrs 402, 404 sad first aod seccod tcu 
itiplexers 406 and 40S Fhich are aixangcd in a maoner that is the same a 
s, GT similar xc. the manner in 7bick the same ccmpuneots are configured 
rc implement the correcvicn circuit 104. Note Ici^cvcr that a MIN_FULLN 
ESS signal is supplied to the seccnd inpet cf the first ccmparatcr 402 a 
nd a :V1AX_FULLNESS signal is sopplic: le the firsl input cf the seccnd cc 
mparatcr 4D4, in ccDtrast tc the sinf^le FULLNESS signal supplied ta both 
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c-f these inpEtJ in ihc Fig. i cmbccinieDt. As will be ciscussed bclcw, 
the ir.in/max fnliijess level geceiaticD circtii 5il is ri'SpcDsible fcr gen 
erating the >:i N.FULLNESS and MAX^FULLNESS sifcals supplied to the cc:r€( 
ticn valce e^neraticti circiiii 510. 

In cr&er tc support resetting cf the ccucclicn circuit 500. 

e.g., ic respcDSt tc the RESET sigcal, the seventh muilipicAer 514 is u 
sed to cccplt the Gotpnt cf ihe ccrjecticc vaiee geoeraticD circuir 5iC 
tc the CORE signal cntpnt cf the cciieciico circuit 5 0 0. :\ lirsl (0) in 
put of the seventh 5H receive? as; its icpct the va'.ce zerc t^hile ih 
e secGDd input cf the M\ 514 receives, the ccrrectiDn valne signal prcdu 
ced b? the ccrrecticn vaUe gcncraricn firc^it's 8eccnd mniiiplexer 4es. 
Whea the reset signal is asserted, the seventh MUX 5H will nctpul the 

ccrrecticn valoe generated by the ccrrecticn falce gcEeraiicii circuit 5 
10 Ffeile at ether times it will cntpnt the vaine 0 supplied lo tbc MUX' s 

first input. Ic this manner, the COI^R sigcai is alicv^ed :c assomc a d 
CD'zerc valnc coly at the eori nf each analysis pciicd, e.g.« jcr a singl 
e deck cycle vhen the RESET signal is. asserted. 



The M IN/MAI feline ss level genera ticD circuit 501 includes f 
enr MUXes MUX 3^ 4, MUSS aid \?UI fi 504. 5 0 6 , SOB; t^G registers 

5 2 0 . 522; and t^c ccmparatcrs b2\, 5 2 6 irhici! are ccupled icgctbc: as ii 
lustrated in Fig. 5. The t^c registers 520, 522 arc used tc store the d 
etermiced icioimoBi and masimnm buffer fnllness* respectively, dniing each 

p f e d e I e rm i D e d aoalysis time period. Thas, at the beginning cf the peri 
G d . these / e g i s I e r s 5 2 0. 5 2 2 are both reset t c i n c 1 a d c the initial i c s c a 
BtaneCDS IuIIqcss via multiplexers 3 and i 5(12.. 504. These maltiplejers 

502 , 5 04 have Ihcii select inputs SEL set high by the pericriic RESET si 
goal Fhich causes the nul t ip Icier $ 5 02, 5 04 tc select the current buffer 
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fBllncs? FULI.S-ESS tc be Gciput tc the Hrst anc secDod legisters 520, 5 
22. Horiog the rest cf the cvalcatico perica. the tbire aod fcsrti: mole 
ipleiers S02 acd 504 select ttie cotpnts cf the fifth acd sixth: inoltipicx 
eis 5G6, 5GS. respectively, ic be scpplied tc the first acd second regis 
t e r s 5 2 C , 52 2, i e s p e c t i v c i y . 

The GctpDt cf the first legister 520, the Kinimura ftlltcss >5 
l.N_rLiLLNESS. is ccTr-parcd vith tht cerrent FULLNESS by tfce thiro CDmpaial 
CI 5 2 4. If tfee ccriecr fiiilness is iess than MI N._FULLNESS , the (A>B) c 
ntpnt cf thf third ccmparatci 524 is asserted, vhich caases the filth ed 
Itiplexer 506 tc select the correct folJneSi FULLNESS as itf coipci. Th 
is causes the curieat fullness value tc beccmc the next MINJULLNESS stG 
red ifj register 52 0. If the CB-reor fullness is greater tbar; ci equal t 
c MiN_FULLN£SS, the 'A>B) catpat cf the third ccmparatcr 524 i? dcasscrt 
ec, caEsiDg the fifth multipieicj 5D6 tc select the MI\LFULLNHSS cutpni 
by the first register 520 as its output. la such a case, the current Ml 
N.FDLLNESS lalue beccsies the oext MLNJ ULLNESS . 

The cutpet cf the seccne legistc: 522, the maiimi'm fullness 
?altie MAX^FULLNESS. i£ compared with the curreot. FULLNESS b? the ffiurth 
ccmparatci 5 2 6 , If the cur rent foi loess is greater than MAI_FULL.\ESS , t 
he (A>B) cutpet cf the fourth ccmparatcr 526 if asserted, which causes t 
he sixth niEltipIexe! 508 to select the caireD; fullness vaine FULLNESS a 
s its CEtpot. Id SGch a case, the carient FULLNESS valse becomes the ne 
xt MAX^FULINESS. If the carrent fullness is less thaD or equal rc \fAX.,F 
ULLNESS. the (A>B) cctptit cl the fcorth ccmparatci 5 2 6 is deassertcd cao 
si&g the sixth msUiplexer 5CS to select the MAX_FULLNESS valce as its c 
utput. io such a case, the curreul MAX_FtlLLSESS value beccmes the oext 
MAX^FULL^NESS. 
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A I ibe end cl the evilQaticD period, tbe maiircm ace mininiGC 
fnIlDC55 rcgisicfs aic tcnparcd with the Ibresfeclds T_LOft' aR.i T_HIGH vi 
a the fiisl acd seccod ccmparatcrs 402, 404 ci the ccrrecticn value gene 
ratiuD circDit 510. Depcoding upcc tbese signals, a zerc. nentive delt 
a CT pcsiliv-c delta is E'iiched in as the ccnecticn i^aiiie, via the fiu 
t and sect- fid mu'tiplcjers 406. 4CS. The seventh rcu-iiplexe: 514 rhich 
ccctrcls the uliimaie culpa i cf rhe ccrrecticc circuit 5 0 0, iht fijnai C 
ORE, ensures that the delta Cccrrcciico signal) is sprite bee en Ict, at m 
csl, cne deck tiaic per cvaluaiicn pe/icd, e.g.. at the end cf the evali 
aticn pericd. At ctbei times, tcrc is swiicbec in bf tbe seventh ai'itip 
leier 5N and used as tbe cctpot signal COIR. 
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While varicus ccmpciieuts cf the data rate smGCthing ci resit 
cf the prcscEt inventica have been described as being implemented as cir 
cvits, it is tc be o&derstccd that tbe data rate smcctbing circsit cf th 
e present inrenticri can be i mp 1 en; e n t e (J Esiflg S(;it^a.'c and a general pcrp 
cse prccesscr ejeciitini^ said scftT^arc tc perfcim tbe mcnicrT access, read 
i&g rate and write rate ccotrcl cperaticDS peifc-Bied by the various ccmp 
csents cf circoit 10 0. Fcr exanpie. a ccrrecticn scftn-are mcdulc an^ ac 
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Gf Fig. 1. 



Fig. 3 i ! i D 5. t r a I e 5 an i fi t e f r a i c r c i r c c i i s c i t a b 1 e f c r use in 
the data rate smccthing circcit cf Fig. 1. 

Fig. 4 illnstratef; a first excmpiaiy ccircctica ciicuit suit 
able fcr use in the data ; a : c sniCctbiDg circcii zl Fig. I. 

Fig. 5 illostraies a seccnii exemplar v ccircciicn ci:ccit sai 
table fCi- 5Se in tbe data rate smccfhing circuit cf Fig. 1. 
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1. ABSTRACT 

HcUcds at-d apparatos for i mp 1 erne d t i fcllf digital data rate smc 
cthiDg dcviccE arc described. Data is ^rilten intc a bsffer iscr.crj as i 
t arrives, e.g.. a- n op t c c i c t a b 1 e ictcrrals. Data is thcD read cnt at r 
e I a t i V 1 1 y c v c d lime i d t e r v a 1 s t b e r e b 7 p j g d e c i c g a data stream h a v i n ;! a s 
mccth data rale frcm an Icpui data stream bar i eg a variable Eticrt terro d 
ata rate. B>' DSicg a dual pcrled metacry as a data buffer, a cumerical i 
Dtegratci tu ccotici the cuipyi data rate as a foncticn cf tbe it) put riat 
a rate, e.g., is indicated tj Itc degree dI btfier felltcss. and usin^ r 
elativelF Siiaigbt fcrvard icad/writc boffcr address geoeraticn cijceitr 
7, the apparates cf tbe prcsciit iovcsiLCG is able tc geaerace a SECCilied 

daca stream, e.g., a iiti strcaio haTicg a cess tact cr near cco^tact bit 

late , f rcQ a data 
slreair, baling a variable short tcrit bit rate. 
2.1JEPRESENTATIVE DRAWINGS 
Fig. 1 
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